A 33 years old woman was referred to our hospital since her sixth pregnancy had been revealed. In fact, at 19 years of age she had diagnosed as having systemic lupus erythematosus without organ failure. In addition, she had a past history of uncontrollable severe pregnancy-induced hypertension occurred during the second pregnancy, resulting in extremely premature delivery and following postpartum HELLP syndrome. It was so severe that we employed administration of dexamethasone and plasma exchange to ameliorate a life-threatening situation. In the course of her recovery it was revealed that she had been complicated with antiphospholipid antibodies, and at the same time we observed that phosphatidylserinedependent anti-prothrombin antibody IgG levels were declining as her condition was getting better. Thereafter, she became pregnant three times, but all pregnancies ended in miscarriage despite administration of prednisolone and anticoagulant therapy. Therefore, we realized that her recurrent miscarriages could not be prevented with generally acceptable therapies, so we tried intravenous immunoglobulin shortly after fetal heart beats were detected. In fact, her sixth pregnancy was going well, but we had to terminate it at the 35th week of gestation due to the onset of HELLP syndrome-like condition. However, she could achieve an almost intact pregnancy outcome without neonatal complications or persistently worsening postpartum HELLP syndrome-like condition. Considering the etiologic relation overlapping between systemic lupus erythematosus, antiphospholipid syndrome and recurrent miscarriage, intravenous immunoglobulin can be one of the treatment options for severe secondary recurrent miscarriage, although the evidence of the treatment is always certain. In addition, a decline of phosphatidylserine-dependent anti-prothrombin antibody IgG levels we observed in this case may represent its therapeutic immunomodulatory effects.
CASE REPORT
A 33-year-old woman was refered for her sixth pregnancy, and a week later the gestational sac was appearing in her uterus. She had been followed due to systemic lupus erythematosus (SLE) since she was at 19 years of age, which seemed to cause her pregnancies result in one extremely premature delivery and four spontaneous abortions (Table 1) .
Especially, while she was admitted due to uncontrollable severe pregnancy-induced hypertension (PIH) happened in the second pregnancy, detection of antiphospholipid antibodies (APA) and her past history was close to the condition of antiphospholipid syndrome (APS) ( Table 2) . At the same time, it was revealed that phosphatidylserine-dependent anti-prothrombin antibody (aPS/ PT) was relatively high. Eventually, four days after terminating her pregnancy at the 23 rd week of gestation, postpartum HELLP syndrome (class 1, according to the Mississippi Triple-class HELLP System [1] ) occurred suddenly. Fortunately, she recovered by administration of dexamethasone and plasma exchange with a decline of the aPS/PT IgG levels [2] . However, all of her following three pregnancies ended in spontaneous abortion despite administration of prednisolone and anticoagulant therapy (prednisolone 10 mg per day, aspirin 81 mg per day, and subcutaneously injected unfractionated heparin 10,000 IU per day). The findings of all pathologic specimens were perivillous fibrin deposition, and chromosomal tests of them were normal. Therefore, we speculated that she had some immunological disruption indirectly due to SLE but probably directly due to antiphospholipid antibody was contributing to these severe secondary recurrent miscarriages.
From this point of view, we decided to try intravenous immunoglobulin (IVIg) for prevention of recurrent miscarriage. As following the previous report [3] , A total of 100 g of immunoglobulin (20 g per day for five consecutive days) was administered soon after the fetal heart beat was observed, and intravenous infusion of 15,000 IU of unfractionated heparin per day (minimum dose for achieving about 1.5 times longer APTT than normal) was also started concurrently (Figure 1) .
After six-week in-patient treatment, she was discharged and regularly followed taking prednisolone and anticoagulant therapy (prednisolone 10 mg per day, aspirin 81 mg per day, and subcutaneously injected unfractionated heparin 10,000 IU per day) with maintaining APTT about 1.5 times longer than normal. The levels of aPS/PT which were 16 U/ml before IVIg administration showed 12 U/ml at the 24 th week of gestation ( Table 2) .
At the 35 th week of gestation, she was admitted again as blood test indicated slight liver dysfunction and thrombocytopenia. Hence, we speculated that these results might reflect the onset of HELLP syndrome (class 3, according to the Mississippi Triple-class HELLP System [1] ) and decided to undertake a Cesarean section (Apgar score was 8 at 1 minute and 9 at 5 minutes, and the weight was 2406 g). Intravenous infusion of 15,000 IU of unfractionated heparin per day was started from the 4 th postpartum day, because D-dimer elevated to 27.0 μg/ml, which was considerably high even though the period soon after a Cesarean section was taken into consideration [4] . Fortunately, it normalized gradually with-out the onset of postpartum HELLP syndrome, and she was discharged on the 15 th postpartum day. Thereafter, she resumed administration of prednisolone and anticoagulant therapy (oral administration of low-dose aspirin only), and now she is followed without any complication related to SLE or APS.
DISCUSSION
APS is a new disease concept that was first advocated by Hughes in 1983, and pregnancy morbidity is one of its clinical characteristics [5] . In the Sapporo Criteria [6] [7] [8] , which is the classification criteria for definite APS, past histories such as onset of symptoms relating to PIH and recurrent miscarriage are important clinical findings for diagnosing APS. It is also necessary to prove the existence of APA, especially lupus anticoagulant (LAC) or 2-glycoprotein I-dependent an icardiolipin antibody (β2GPI t aCL), which are included in the laboratory findings of the Sapporo Criteria. Recently, a part of LAC is thought to be antibodies against prothrombin. They comprise antibody directed against prothrombin alone coated on gamma-irradiated or activated polyvinylchloride ELISA plates (aPT-A: anti-prothrombin alone) and aPS/PT, which is antibody to the calcium-dependent phosphatidylserineprothrombin complex. Currently it is unclear what meaning measurement of aPT-A has, but it is thought that aPS/PT has a stronger correlation with clinical manifestations of APS. aPS/PT is also strongly correlated with thrombosis due to APS, and combined measurement of aPS/PT and β2GPI aCL provides high sensitivity and specificity for detecting APS [9, 10] . APS patients generally undergo acute phase thrombolytic therapy when necessary and anticoagulant therapy for preventing recurrent thrombosis [11] . Since the use of warfarin during pregnancy is contraindicated because of its teratogenicity, administration of low-dose aspirin and heparin are recommended, and their effectiveness for reducing pregnancy morbidity is evident [12] .
SLE is an autoimmune disorder that affects various systemic organs and has a high prevalence rate in women of reproductive age [13, 14] . Women with SLE tend to suffer from recurrent miscarriages because of the high complication rate with APS [13] [14] [15] , and the American College of Rheumatology Revised Criteria for the Classification of Systemic Lupus Erythematosus includes a positive finding of antiphospholipid antibodies [16] . The main course of treatment for SLE is immunosuppressive therapy [13, 17] . Clinically, steroids are administered according to the degree of SLE, and in case of complication with APS it is recommended that anticoagulant therapy also be done concurrently [18] [19] [20] .
The therapeutic effectiveness of IVIg has been proved for some autoimmune disorders such as ITP [21] , and now it is expected to be employed for many other autoimmune disorders, including SLE [22, 23] . One metaanalysis of eight studies involving 442 women showed that IVIg increased the rates of live birth in secondary recurrent miscarriage [24] , and Yamada et al. also reported that they achieved increasing live birth rates when using it to treat idiopathic recurrent miscarriage [3, 25] .
At the 35 th week of gestation, we had to terminate her pregnancy before the onset of HELLP syndrome, but her pregnancy outcome was excellent without neonatal complications. IVIg has some mechanisms involved in various beneficial effects in different diseases [21, 26] . Therefore it is very likely that some of them showed up and consequently led to a good pregnancy outcome. And a decline of the aPS/PT IgG levels after IVIg administration may indicate one of the therapeutic immunomodulatory effects.
It is the fact that this first tried IVIg made her pregnancy course much better than the other five past ones. Although this patient became pregnant three times after being diagnosed with APS, all of the pregnancies ended in spontaneous abortion despite administration of prednisolone and anticoagulant therapy (oral administration of low-dose aspirin and subcutaneously injected unfractionated heparin), so we expected that it must be very difficult how we should treat her at the next pregnancy. However, when postpartum HELLP syndrome occurred during her second pregnancy, we hypothesized that aPS/PT was one of the key agents related to its onset, and reducing the aPS/PT levels by administration of dexamethasone and plasma exchange resulted in successful treatment [2] . Considering such reported hypotheses as the strong correlation of aPS/PT with thrombosis [9, 10] and the onset of HELLP syndrome [2] , we speculated that her severe secondary recurrent miscarriage may have been attributed to the increase of the aPS/PT IgG levels. So, this time we tried IVIg expecting to optimize it due to therapeutic immunomodulatory effects. Actually we could succeed in providing her with a good pregnancy outcome which had never been achieved.
It is possible that predonisolone and/or pregnancy per se may have provided optimization of the aPS/PT IgG levels, and negative LAC or maintaining APTT longer may have been attributed to a good pregnancy outcome. But if it had been true, we could have prevent her from encountering three spontaneous abortions by conventional therapy (i.e. administration of prednisolone and anticoagulant therapy) regardless of persistent high aPS/ PT IgG levels, but we failed miserably. But once we employed IVIg this time, in contrast the aPS/PT IgG levels were declining and we could achieve an excellent pregnancy outcome. This fact may indicate a significant relationship between a decline of the aPS/PT IgG levels and immunomodulatory effects of IVIg.
IVIg should not be employed for all cases of recurrent miscarriage because of its costs and benefits. However, one meta-analysis showed that IVIg increased the rates of live birth in secondary recurrent miscarriage [24] , as it did for our patient. We found that the immunomodulatory effects of IVIg would improve her pregnancy course. It is unclear how the mechanisms had been working because the relation between aPS/PT and recurrent miscarriage has not been elucidated entirely, but the fact that the aPS/PT IgG levels declined after IVIg administration should be noted.
CONCLUSION
This time we tried IVIg for severe secondary recurrent miscarriage and achieved a good pregnancy outcome. We speculated that IVIg administration possibly improved her pregnancy outcome by decreasing aPS/PT IgG level, which is thought to be strongly related to thrombosis caused by APS. However, to reach a definitive conclusion it is necessary to collect more clinical and immunological evidence on the relation between aPS/PT and recurrent miscarriage.
